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(57) Abstract 

,l0ttCd mWn * (10) comprises tnbnlar tint and second parts (22, 24) for 
nwmnng ™ theend, * mpcdve tengths of slotted tubing. The parts (22. 24) are themselves tlortrd (26). The free er^theta p« 

engage with one another and to permit expansion of the coupled parts in a corresponding manner to tbe cubing ( 1 0) 
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CONNECTOR ASSEMBLY FOR AN EXPANDABLE SLOTTED PIPE 

This invention relates to a connector assembly for use 
in connecting sections of expandable tubing/and in 
part lcul but not exclusively for ^ ^ ^ n 

lownnT r^ 18 Sl0 " ed ^ (EST) as utilised in 
downhole applications in the oil and gas exploration and 
extraction industries. 

Expandable slotted tubing (EST) , such as described in 
WC*3 2SB00 (Shell Xnternationale Search Maatschappl 
B.V.), nay be used in various downhole applications. The 
tubing comprises lengths of tube which have been machined 
to create a large number of longitudinal slots. Thus it 
is relatively easy to expand the tube radially outwardly 
by, for example, running a mandrel through the tubing The 
expansion causes the slots to extend to create diamond- 
shaped apertures. The tubing is useful where it is desired 
to, for example, line a bore below a restriction without 
further reducing the diameter of the bore. Using 
conventional tubing the outer diameter of the tubing must 
by necessity, be of smaller diameter than the restriction' 
to permit the tubing to be passed through the restriction! 
This reduction in the bore diameter has a number of 
significant effects, primarily in reducing the production 
capabilities of the bore. Using EST, the tubing may pass 
through a restriction into a reamed section of bore below 
25 the restriction. The tubing may then be expanded to a 
diameter larger than the restriction. 

EST is supplied in lengths which are, at present, made 
up into a string by welding the lengths to one another 
This is relatively time consuming and expensive and in many 
30 situations, for example in an off-shore operation in bad 
weather, it may be difficult to maintain consistent weld 
quality. Safety problems may also arise due to the high 
temperatures and exposed flames or sparks created by a 
welding operation. Further, in the event of a "mis-run-, 
iS requiring the welded lengths of tube forming the EST string 

to be separated, the tubing must be cut, and the cut tubing 
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may not be suitable for re -use. 

provide '! ^ ° bjeCtiveS of Present invention to 
prov.de a means of connecting sections of EST which 
obvxates or mitigates these difficulties. 

According to the present invention there is provided 
a connector assembly for connecting expandable slotted 
tubing the assembly comprising tubular first and second 
parts for mounting on the ends of respective lengths of 
slotted tubing, the parts being slotted and the free end of 
the first part defining a male portion and the free end of 
the second part defining a female portion such that the 
free ends of the parts are adapted to engage with one 
another and to permit expansion of the coupled parts in a 
corresponding manner to the tubing. 

According to a further aspect of the present invention 
there is provided a method of connecting expandable slotted 
tubing, the method comprising: 

providing first and second lengths of slotted tubing- 
providing tubular slotted first and second parts In 
the ends of the respective tubing lengths, the free end of 
the first part defining a male portion and the free end of 
the second part defining a corresponding female portion- 
and ' 



coupling said male and female portions to connect the 
» fxrst and second tubing lengths. 

The invention further relates to a method of locating 
such connected lengths of slotted tubing in a bore 
deluding the step of radially expanding the lengths of 
tubing and said first and second parts to form a length of 
expanded tubing of substantially constant internal 
diameter. 

As used herein, the terra -slotted- or -slots- is 
intended to encompass any cutting, machining or weakening 
of a tubular structure intended to facilitate radial 
expansion, including: slots which extend only partially 
through the tube wall and which permit the remaining 
thinned wall sections to fracture or extend; and lines of 
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drilled holes. 

The parts may be arranged with the respective slots 
aligned, though this is not considered essential to the 
successful expansion of the assembly. 

Preferably, the parts define corresponding screw 
threads, such that the parts may be made up by relative 
rotation. Alternatively, the parts may be adapted to allow 
make up by stabbing in or most preferably by a combination 
of stabbing and rotation. 

In a preferred arrangement fasteners are provided for 
securing the parts to one another; this prevents radial 
separation of the free ends of the parts when the connected 
tubing is expanded and prevents rotation of one part 
relative to the other. Most preferably, fasteners are 
15 located adjacent the free end of the outer female portion, 

to prevent the end from flaring outwardly on the tubing 
being expanded. The fasteners may be releasable, for 
example short screws for location in appropriate holes 
provided in the parts, such that the tubing may be 
separated in the event of a mis-run. The use of screws and 
the like, and the associated screw-holes, also provides a 
convenient means for ensuring that the parts are in a 
desired alignment. 

Preferably also, the parts define corresponding 
25 threads and are also securable to one another by fasteners. 

Most preferably, the fasteners engage the female portion 
between the free end and the threaded portion thereof. 
This arrangement may be provided at any point in the slot 
pattern. In an alternative arrangement fasteners may also 
30 be provided to engage the male portion between the free end 
and the threaded portion thereof. With this arrangement it 
is preferred that threaded portions are located on the 
"nodes M of the parts, between the slot ends, that are not 
deformed by expansion of the assembly. 
35 Preferably also, the portion of each part for engaging 

the free end of the other part includes an undercut ledge 
or groove, and the free end of the other part defines a 
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tongue to locate in the groove. One or both of said 
portions may define a back angle to engage with a lip on 
the end of the other part. This minimises the possibility 
of the free ends flaring on expansion of the tube; such 
5 flaring of the male end would create an irregularity in. the 

tubing bore on which tools might be snagged. Where the 
parts are threaded, the lipped free end of the male portion 
is preferably arranged to deflect inwardly to pass the 
female thread, and to allow the parts to be at least 
10 partially made-up by stabbing in. Such deflection may be 
accommodated by providing a living hinge on the male 
portion. 

The parts may be formed integrally with the respective 
tubing lengths, or may be welded or otherwise secured 
IS thereto; the welding or securing operation may be carried 

out in a manufacturing or assembly facility, such that the 
tubing lengths may be delivered to sites ready for 
connection. 

External shoulders may be provided on the connector 
assembly on one or both parts to facilitate handling of the 
assembly and the connected tubing. Preferably, the 
shoulders are provided at nodes of the parts. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
25 accompanying drawings, in which: 

Figure 1 is a sectional view of a length of expandable 
slotted tubing (EST) , shown in an expanded configuration; 

Figure 2 is a sectional view on line 2 - 2 of Figure 
1, and also shows the EST in unexpanded configuration; 
30 Figure 3 is a half section of a connector assembly in 

accordance with a preferred embodiment of the present 
invention, with the parts of the assembly shown separated; 
and 

Figure 4 is a half section of the connector assembly 
35 of Figure 3, showing the parts connected. 

Reference is first made to Figures 1 and 2 of the 
drawings, which illustrate a length of expandable slotted 
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tubing (EST) 10. m its initial configuration, the tubing 
10 is simply a length of pipe in which a series of 
longitudinal slots 12 have been machined (shown as tube 10a 
with slots 12a in Figure 2). Applying a radially outward 
force to the tubing wall, for example by passing a mandrel 
through the tubing, causes the tube to expand such that the 
slots 12a become diamond shaped openings 12b, as described 
in WO93\25800. 

The tubing 10 is supplied in lengths suitable for 
transportation and handling and these are joined to one 
another on surface to create a tubular string. The 
connector assembly 20 as illustrated in Figures 3 and 4 of 
the drawings is used to connect such tubing lengths. The 
assembly 20 comprises a first part 22 and a second part 24. 
which are mounted on the ends of the respective tubing 
lengths. in this particular example the parts 22, 24 are 
adapted to be welded to the tubing ends. The parts 22, 24 
are intended to expand in a similar manner to the tubing 
10, and as such are provided with similar longitudinal 
20 slots 26. 

The free end of the first part 22 is machined to form 
a male portion 28 and the free end of the second part 22 
defines a corresponding female portion 30 adapted to 
receive the male portion 28. as will be described. Both 

25 portions 28, 30 carry corresponding screw threads 32.33 

such that the parts 22. 24 may be made up by relative 
rotation. The threads are located on the "nodes* 27a, 27b 
of the fingers 40, 41 formed by the slots 26. that is the 
areas between the slot ends which remain substantially 

30 undeformed following expansion of the assembly 20. 

Each part 22, 24 also defines a respective undercut 
ledge 34, 35 for engaging the free end of the other part 
36, 37, which is of corresponding form. The ledge 35 
formed on the second part 24 defines a back angle and co- 

35 operates with a radially extending lip 39 on the free end 
of the first part 36. This serves to prevent the free ends 
of one part separating from the other part on expansion of 
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^fleeted rnwardly. allowing the Up 3g Cq 

the screw thread 33 on the second part , the first part 22 
defines a living hinge 3B. It will be noted that 

x. spaced a relatively long distance from the free. 
3 such that only small degree of deflection ^ 

iiaLir 8 to aiiow the free end 36 - — 

As noted above, the slots 26 in the parts 22, 24 are 
arranged such that the free ends 36, 37 of the parts each 

hoi ;« \T rS k 0 ' ^ eaCh ° f th6Se fi ^ e " a 
hole 42, 43. The holes 43 in the second part are counter- 
sunk, whereas the holes 42 in the first part 22 are 
threaded such that the fingers 40, 41 may be secured to one 
another using a number of short screws 44. The screws 44 
are located adjacent the free end of the second part, as 
the fingers 41 will have a tendency to flare outwardly on 
expansion of the tubing, m addition, a line of screws may 
also be provided on the other side of the threads 32 33 
and in this case it may not be necessary to provide a'back 
angle on the ledge 35, as the additional set of screws will 
prevent the expanded fingers 40 from separating from the 
expanded part 24. if the back angle on the ledge 35 is not 
required, the radially extending lip 39 may be omitted and 
thus there is no requirement to provide the living hinge 



To connect two lengths of tubing provided with the 
tubxng connector assembly 20. the parts 22, 24 are brought 
together, or stabbed in, such that the free end 36 of the 
first part passes inside the free end 37 of the second 
part, the end 36 being deflected inwardly to ride under the 
screw thread 33. Once the screw threads 32, 33 come 
together the first part 22 is rotated relative to the 
second part 24 until the parts 22, 24 are securely engaged 
If necessary, the first part 22 is then rotated in "the 
opposite direction to bring the holes 42, 43 into 
alignment, which also serves to bring the slots 26 in the 
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parts 22 2 < into aligTlmenc . The screws 
secured in the holes 42, 43. 

The desired number of tubing sections are connected in 
thxs manner to form a string and run downhole to the 
5 desxred location within the bore. The tubing and .the 

diameter. However, in the. event of a mis-run, requiring 
the tubxng to be withdrawn and disassembled, this Zy Z 
achieved relatively easily by removing the screws „. 

l n z e ™ 9 : first and second parte 22 ' 24 — t he ; 

wxthdrawmg the male portion 28 from the female portion 30 

It will be clear to those of skill in the art that the 
above-described embodiment is me rely exemplary of the 

15 ZTT S*™^ 011 ' "* ^ be SUbjeCt to ^rlou. 
modxfxcatxons and improvements without departing from the 
scope of the invention. 
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slottl 7 aSSembly (20> f ° r Conne "-9 expandable 

slotted tubing ( 10 , . the assembly comprising tubular first 
and second parts (22, 24) for on ^ 

respectxve lengths of slotted tubing, the parts being 
slotted «„ ^ the free end of ^ ^ 

«!. Portion (28) and the free end of the second part 
defanxng a female portion (30) such that the free ends of 
the parts are adapted to engage with one another and to 
permxt expansion of the coupled parts in a corresponding 
manner to the tubing. 9 



2. 



The connector assembly of claim i wherein the parts 



(22, 24) are arranged wich the respective slots 



aligned 



(26) 



15 3. 



The connector assembly of claim i or 2. wherein the 
parts ( 22( 24 ) define corresponding screw threads (32 
33). such that the parts may be made up by relative 
rotation. 



4. 



The connector assembly of claim l. 2 or 3. wherein the 
parts (22, 24) are adapted to allow maxe up by stabbing in. 

5. The connector assembly of any of the preceding claims 
wherein the parts (22, 24) define corresponding screw 
threads (32, 33) and are adapted to allow make up by a 
combination of scabbing in and rotation. 

25 6. The connector assembly of any of the preceding claims 
wherein fasteners (44) are provided for securing the parts 
(22, 24) to one another. 

7. The connector assembly of claim 6, wherein the 
fasteners (44) are located adjacent the free end of the 
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female portion (30), to prevent the end from flaring 
outwardly on the tubing being expanded. 

8. The connector assembly of claim 6 or 7, wherein the 
fasteners (44) are releasable. 

9. The connector assembly of claim 8, wherein the 
fasteners are screws (44) for location in appropriate holes 
(42, 43) provided in the parts (22, 24), such that the 
tubing may be separated in the event of a mis-run. 

10. The connector assembly of any of the preceding claims 
wherein the parts (22, 24) define corresponding threads 
(32, 33) and are also securable to one another by fasteners 
(44). 

11. The connector assembly of claim 10 , wherein the 
fasteners (44) engage the female portion (30) between its 

15 free end and the thread (33) thereon. 



10 



12. The connector assembly of claim 11, wherein fasteners 
are also provided to engage the male portion (28) between 
its free end and the thread (32) thereon. 



13. The connector assembly of any of the preceding claims, 
wherein the parts (22, 24) define corresponding screw 
threads (32, 33) and the threads are located on the nodes 
of the parts. 



14. The connector assembly of any of the preceding claims 
wherein the portion of each part (22, 24) for engaging the 
free end of the other part (24, 22) includes an undercut 
groove (34, 35) , and the free end of the other part defines 
a tongue (37, 36) to locate in the groove (34, 35) . 

15. The connector assembly of claim 14, wherein at least 
one of said portions defines a back angle to engage with a 
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lip (39) on the end of the other part. 

«. The connector assembly of claim 15 . wherein the free 
end of the male portion (26) is provided with a lip (a „ 
and is arranged to deflect inwardly to allow the parts- to 
be at least partially made-up by stabbing in. 

17 The connector assembly of c i aim 16 , whereln said 
deflection is accommodated by providing a living hinge (38) 
on the male portion (28) . 

18. The connector assembly of any of the preceding claims 
wherein the parts ( 22 , 24 ) are formed integrally with the 
respective tubing lengths (10) . 

19. The connector assembly of any of claims l to 17 
wherein the parts (22. 24) are adapted to be welded to the 
respective tubing lengths (10) . 

15 20. The connector assembly of any of the preceding claims 
wherein external shoulders are provided on one or both 
parts (22, 24) to facilitate handling of the assembly (20) 
and the connected tubing do) . 
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21. The connector assembly of claim 20, wherein the 
shoulders are provided at nodes of the parts (22, 24). 

22. A method of locating lengths of slotted tubing do) 
connected with the connector assembly (20) of any of the 
preceding claims in a bore, including the step of radially 
expanding the lengths of tubing do) and said first and 
second parts (22. 24) to form a length of expanded tubing 
of substantially constant internal diameter. 

23. A method of connecting expandable slotted tubing, the 
method comprising: 

providing first and second lengths of slotted tubing 
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(10) ; 



providing tubular slotted first and second parts (22 
24) on the ends of the respective tubing lengths do) , the 
free end of the first part defining a male portion (28) and 
the free end of the second part defining a corresponding 
female portion (30) ; and 

coupling said male and female portions (28, 30) to 
connect the first and second tubing lengths (10) . 



WO 96/37681 



PCT/CB96/0I250 





o 
O 

SUBSTITUTE SHEET (RULE 26) 



WO 96/37681 



PCT/GB96/012S0 



2/3 




SUBSTITUTE SHEET (RULE 26) 



WO 96/37681 



3/3 



PCT/CB96/01250 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



PCT/GB 96/01259 



A CL^IFICATION OF SUBJECT MATTER 

IPC 6 E21B17/98 E21B43/19 E21B43/08 



Acconhni to tntrmioonaj Pun* Oiafltiaon (IPC) or *> both naionU elasatfcsfton and IPC 



B. FIELDS SEARCHED 



IPC 6 E21B F16L 



e extern Out such docianenti en tnrinded in the Odds scorched 



e coesultcd Amog chc wrm i hrm l woh (nsnc of din base end, where prscacaL luiii i tenia »«~fl 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Ceternry- 


Gtsooa of doonmcnt. with bukctaoB. where appropriate, of the relevtat punfcs 


ResrventtodacmNo. 


A 


FR,A,1 565 562 (RABUEL) 2 Hay 1969 
see page 2, left-hand colurm, line 43 - 
right-hand column, line 4 


1.22,23 


A 


FR,A,2 359 358 (SOCIETE ANONYM E FRANCAISE 

DU FER0OO) 17 February 1978 

see page 2, line 21 - page 3. line 39 


1,22,23 


A 


US,A,4 349 658 (BERGSTRON) 14 September 
1982 

see column 2, line 6 - column 3, line 6 


1.22,23 






A 


US,A,2 633 374 (BOICE) 31 March 1953 
see column 3, line 67 - column 4 f line 4 


1,22,23 


A 


WG\A,92 91139 (NOBILEAU) 23 January 1992 
see abstract 

-/- 


1.22,23 


0- 


w tfocomcnti an listed ta tic continonsJon of box C |)Q Pucea femtf y monhen are ttned 


ka ecm. 



Sp ec s! ntf pmei erf cited 

A" dacom 

*E* earlier 
Qliag < 
L* doom 



JtoW of pjrbc** 



t of the artorecha 



may thro* doubts on priority drinks) or 
- ' " ' ~' — ~ ^ of another 



i beer dooraast srtfrithcd after tbc axkBoaacoal filing data 
or priority date sal not to " n ** fl * r * otth the appuca&oo Ml 
oted to waJuilmd (ha seitsdnte or theory tnvh rtja^n me 

"X* docjom etd erf pardcotar tefevoncs^ the dsinwd fawenDoo 
cwsaot be enseedered novd or canttot be considered to 
tovotwt an swaow step when tor document is tafatn atone 



eem(« 

refcrrtnz. to mar* dtadocore, urn. eafcibeoon or 

> thC r«— (Qjay dXfit hot 

later than th« priority date ciehnad 




Date of Ox actual conyirtyri of the tittrrnrnonal march 

24 September 1996 


Date of eaamne, of mt iKiiiiiweiil search report 

26.09.96 


Name and mailing address of the IS A 

European Patent Oder, PA 5111 Pstenttaan 2 
NL • mo KV Rijn** 
Tel ( * 31-70) Ta. SI (St cpo oj. 
Fax (♦ 31-70) 340.3016 


Authorized ofiietr 

Segno, M 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



tato xial ApplictCoD No 

PCT/GB 96/0125G 



I CCCootmuinon) DOCUMENT* CONSIDERED TO BE RELEVANT*"" 



A 
A 



DE.U.87 06 962 (INTERATON GMBH) 24 
Septenfcer 1987 

see page 3, line 6 - line 29 

W0.A.93 25890 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPIJ B.V.) 23 Deceoter 

cited in the application 
see abstract 

GB,A,792 886 (HUNTSINGER) 2 April 1958 
see the whole document 

DE.A t 40 19 234 (KARL SCHCJNGEN KG FORMENBAU 
UNO KUNSTOFFVERARBEITUNG) 2 October 1991 
see claim 1 

0E,C t 41 33 802 (HAWERKAMP) 22 October 1992 
see abstract 



Rdorat to dam No. 



1.22,23 
1.22.23. 

1,22,23 
1.22.23 

1.22.23 



Fom rCT,HA/«0 fa 



ItfMH) (My IMS) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Information on paat Uaniy ma 




1 fe* iODtl Appbofton No 

PCT/GB 96/61250 


Psietit document 
cited in rarer) report 


PubSestion 
date 


Puent funiiy 
fimnbcrff) 


1 Pubticstton 
dele 

1 


FR-A-1565562 


02-65-69 


NONE 






FR-A-2359358 


17-62-78 


DE-A- 
JP-A- 


2732493 
53934118 


26-61-78 
36-63-78 


US-A-4349850 


14-G9-82 


NONE 






US-A-2633374 


31-63-53 


NONE 






WO-A-9201139 


23-61-92 


FR-A- 
AU-A- 
EP-A- 
US-A- 


2664355 
8104691 
6536256 
5425559 


10-61-92 
04-02-92 
14-04-93 
20-86-95 


0E-U-87G6962 


24-89-87 


NONE 







HO-A-9325800 


23-12-93 


AU-A- 


4324593 


04-61-94 






CA-A- 


2137565 


23-12-93 






EP-A- 


0643795 


22-83-95 






JP-T- 


7587611 


24-68-95 






N0-A- 


944746 


83-02-95 






NZ-A- 


253125 


27-02-96 






US-A- 


5366612 


22-11-94 


GB-A-792886 




NONE 







DE-A-4016234 


62-19-91 


NONE 


DE-C-4133802 


22-16-92 


NONE 



